ABSTRACT
INTRODUCTION
Water is treated as a service provided by ecosystems. Together with energy and nutrients, water is arguably the centerpiece for the delivery of eco-system services to humankind (Falkenmark and Folke, 2003) . The Millennium Ecosystem Assessment defines ecosystems as a dynamic complex of plant, animal and microorganism communities and their nonliving environment interacting as a functional unit. Despite their importance, freshwater ecosystems are rapidly being modified or destroyed (Allan and Flecker, 1993; Green et al., 2002) and many species have consequently become endangered (Abellan et al., 2005; Duncan and Lockwood, 2001; Perez-Losada et al., 2002) . The global freshwater biodiversity crisis is most striking in tropical Asia (Dudgeon, 2003) . Among different fresh water ecosystems the ponds, reservoirs and lakes of urban areas are highly affected. While urbanized area accounts only for ∼1 to 6 percent of the earth surface, cities appropriate a large share of earth's carrying capacity in terms of resource input and waste sinks. By the year 2030, more than 60 percent (4.9 billion) of the estimated world population (8.1 billion) will live in cities: 56.2 percent of the population of developing countries (3.88 billion) and 83.5 percent of that of the developed countries (1.01 billion) (UN, 1999) . The world's urban population will grow at an average annual rate of 1.8 percent, nearly double the rate expected for the total population of the world (1 percent per year). Since human being depends on earth ecosystems for food, water, and other important products and services, changes in ecological conditions that result from human actions in urban areas ultimately affect human health and well-being. In urban areas fresh water systems have been misused for many centuries. Urban development fragments, isolates and degrades natural habitats; simplifies and homogenizes species composition; disrupts hydrological systems; and modifies energy flow and nutrient cycling (Alberti et al., 2003) . Recent research, driven by the need to improve pond conservation strategies (Biggs et al., 2005; McAbendroth et al., 2005) , has started to shed interesting new light on pond ecosystem structure and function. Despite their small size, they are collectively exceptionally rich in biodiversity terms (Williams et al., 2004 (Figure 1 ). According to the 2001 census the population of Silchar municipality area was 1, 41, 041 with a decadal growth of 22.13%. As such there is increasing trend of construction of multistoried building by draining and filling in the house hold ponds or community ponds of the municipality areas which have been serving the locality so long. At this juncture in this city, ponds or freshwater ecosystems of only sacred places which are very old and still vibrant with aquatic lives need to be conserved with utmost priority. The potential of community based land and resource management systems to conserve biodiversity begun to be recognized by anthropologists, biologists, conservationists, environmentalists, and others only in the last two decades. Hence the objectives of this study were to investigate and compare the aquatic insect diversity of two temple ponds, their water quality status and to find out the role of these ponds in biodiversity conservation. 
MATERIALS AND METHODS
The study was carried out for four months from February to May, 2012 Water and insect samples were collected fortnightly in three replicates during 29th February to 1st May, 2012 from site 1 and site 2 of pond 1 and site 3, site 4, and site 5 of pond 2. There were five visits during the study period. Air and water temperature (AT and WT) were measured using mercury bulb thermometer while transparency (TR) was measured using Secchi's disk. Physico-chemical properties of water such as dissolved oxygen (DO), free carbondioxide (FCO 2 ) total alkalinity (TA), pH, electrical conductivity (EC), nitrate (NO were analyzed by standard methods (APHA, 2005; Michael, 1984) . Aquatic insects were collected by kick method whereby the vegetation was disturbed and a circular net (mesh size 60 µm) was dragged around the vegetation for a unit of time (Brittain, 1974; Macan and Maudsley, 1968 ). Three such drags constituted a sample (Subramanian and Sivaramakrishnan, 2007) . Collected insects were immediately sorted and preserved in 70% ethyl alcohol. They were later identified using a Dewinter advanced stereozoom microscope with the help of standard keys Basu, 1994a, 1994b; Bouchard, 2004; Epler, 2010; Kumar, 1973a Kumar, , 1973b Westfall and Tennessen, 1996) . Diversity indices were worked out using the package PAST. For statistical analysis SPSS v.20 was used. CCA (Canonical correspondence analysis) was performed using CANOCO v. 4.5. SIGNAL (Stream Invertebrtae Grade Number-Average Level) was analyzed following the literature of Chessman (2003).
RESULTS AND DISCUSSION
Urban ecosystems are highly dynamic and have usually been examined in terms of their impact on biodiversity (Adams, 1994; Gilbert, 1989; Middleton, 1994; Wackernagel and Rees, 1996) . The physico-chemical characteristics of any aquatic ecosystem and the nature and distribution of its biota are directly related to and influenced by each other and controlled by a multiplicity of natural regulatory mechanisms (Bhat et al., 2009) . Thus macro-invertebrates have served as valuable indicators of degradation of aquatic ecosystems. According to Wallace and Webster (1996) as there is increasing pressure on our water resources, macroinvertebrates should be used for assessing the impact of pollution in aquatic ecosystems. They cannot change their habitats quickly because of their less moving ability and they respond to any pollutants by changing their community composition (Turkmen and Kazanci, 2010) .
> PHYSICO-CHEMICAL VARIABLES
The physico-chemical variables of water of the two ponds did not show much fluctuation except DO concentration. The most striking feature of water of pond 1 is low DO (2.08 mg·l
in site 1 and 1.94 mg·l −1 in site 2) while in pond 2 DO is relatively high (6.82 mg·l −1 in site 3, 7.83 mg·l −1 in site 4 and 7.13 mg·l −1 in site 5) ( Table I ). In both the ponds pH showed highly significant positive relationship with TR. In the pond 1 both diversity and density of insect taxa showed highly significant positive correlation with TR and significant negative relationship with TA. The pond is covered by Lemna sp. which obstructs penetration of light facilitating more amount of organic matter decomposition instead of photosynthesis. This is confirmed by very low DO, higher concentration of FCO 2 compared to pond 2 and absence of its significant relationship with free CO 2 (Table I ). In pond 2 FCO 2 showed significant negative relationship with TR, pH and DO. Significant classical negative correlation of DO with FCO 2 showed that photosynthesis was the main driver of DO production in the system. Significant positive correlation between DO and PO 3− 4 could be due to the fact that high sunlight penetration and PO 3− 4 concentration increased phytoplankton in the pond which in turn produced more DO. The significant positive relationship of pH with PO 3− 4 is due to the fact that at high pH, phosphorus is released from sediment during summer (Brabrand et al., 1990) (Table II) .
> AQUATIC INSECTS
In both pond 1 and 2, insect density showed very high significance with the taxa richness (Table II) . A total of thirteen taxa from pond 1 and eighteen taxa from pond 2 were recorded. The study revealed that though the density of insect was found highest in pond 1 (1st visit, site 2), the number of insect taxon was found highest in pond 2 (2nd visit, site 3) (Figure 2 ). In pond 1 four aquatic insect orders (Hemiptera, Odonata, Diptera and Coleoptera) and in pond 2 five orders (Hemiptera, Odonata, Diptera, Coleoptera, and Ephemeroptera) were recorded. Preponderance of order Hemiptera with very low DO in pond 1 could be explained by the fact that aquatic and semiaquatic Hemipterans do not rely heavily on DO in the water due to their abilities to utilize atmospheric oxygen, by possessing respiratory apparatus (siphon, plastron, presence of hemoglobin etc.) (Fernando and Cheng 1974; Lansbury 1972; Thorpe and Crisp 1947; Thorpe 1950; Wells et al., 1981) . In the lakes and rivers of North East India also preponderance of Hemiptera has been noted in several studies (Das and Gupta 2010; Gupta and Narzary 2013; Gupta 2012, 2013; Takhelmayum and Gupta 2011) . The dominance status according to Engelmann's Scale (Engelmann, 1978) at pond 1 revealed Rhagovelia sp. as eudominant taxon while Mesovelia sp. and Mesovelia vittigera as dominant taxa. In contrast, at pond 2 no taxon was found eudominant (Table III) . This is reflected in the high Shannon diversity index values in all sites of pond 2 indicating taxon richness and evenness. This is further confirmed by their low Berger Parker index of Dominance value (Table IV) . May, 2012) (v1, v2, v3, v4, v5 = Visits 1 to 5).
Figure 2 Density of insects and number of taxa at 5 different sites of Radhamadhav akhra pond and Mandir dighi pond during five visits (February to
09p6 The values of Shannon diversity index at both pond 1 (1.5 to 1.7) and pond 2 (1.9 to 2.0) were within proper range (1.5−3.5) (Turkmen and Kazanci, 2010) . Evenness_eˆH/S values of pond 1 (0.5−0.6) and pond 2 (0.5−0.8) revealed that the values of pond 2 being closer to 1 indicated equal distribution of individuals. (Turkmen and Kazanci, 2010) . This is confirmed by the lowest Berger Parker index of dominance at the site 5 of pond 2. The ranges of Berger Parker index values for pond 1 and pond 2 were 0.4 to 0.5 and 0.2 to 0.3, respectively. The values of Margalef diversity index were between 1.94−2.67 at pond 1 and 2.37−3.32 at pond 2. The highest value was found at site 3 of pond 2. According to Lenat et al. (1980) Margalef water quality index values (diversity indices of Margalef) greater than 3 indicate clean conditions, values less than 1 indicate severe pollution and intermediate value indicate moderate pollution. In the present study only in site 3 (pond 2) the Margalef Diversity Index value was found above 3 indicating clean condition whereas all other sites were found in the range of moderate pollution (Table IV) . SIGNAL (Stream Invertebrate Grade Number-Average Level) is the family level index of water pollution for the known tolerances of aquatic insect families to various pollutants. However, for lentic ecosystems the SIGNAL scores was lower as compared to stream ecosystem because of unavailability of the insects in lentic systems that are found in stream ecosystem (Chessman, 2003) . SIGNAL score of pond 1 (2.21) was found lower than pond 2 (2.5) (Tables V  and VI) . SIGNAL score less than 4 indicate severe pollution. Therefore, according to SIGNAL score both the ponds were under severe pollution status (Gooderum and Tsyrlin, 2002) . At pond 2 record of Cloeon sp., family Baetidae, order Ephemeroptera is of importance. Although Ephemeroptera larvae are recognized worldwide for their sensitivity to oxygen depletion in running waters (Rosenburg and Resh, 1993) , mayflies inhabiting lentic waters, like lakes and ponds, in contrary have been poorly prospected in biomonitoring (Menetrey et al., 2008) . In Lake Erie, Ephemeroptera are successfully used in biomonitoring, following the example of a recent study that showed burrowing mayfly nymphs (Hexagenia sp.) to be associated with an improvement of the ecosystem health (Schloesser and Nalepa, 2002) . In the present study although Cloeon sp. belonging to the family Baetidae was recorded in the sites 3 and 4 of 09p8 pond 2 having high DO values, according to Margalef water quality index values only site 3 is in clean condition while rest were in moderate pollution range. Menetrey et al., (2007) in their study revealed that Cloeon sp. could be found in either mesotrophic or eutrophic habitats and family Baetidae appears as one of the Ephemeropteran families the most tolerant to organic pollution. This agreed with the findings of a study made in the oxbow lake (Phulbari anua) of Cachar district where preponderance of Cloeon sp. was recorded in moderately polluted condition (Gupta and Narzary, 2013) . Brönmark and Hansson (2000) found that Caenidae and Baetidae families contain some of the most resistant species to organic pollution. Several workers (Braasch and Jacob, 1976; Garcia de Jalon and Gonzalez del Tanago, 1986; Hellawell, 1986; Hubbard and Peters, 1978, Janieva, 1979; Russev, 1979) throughout the world have published several results with respect to the tolerance degree of many species.
> CANONICAL CORRESPONDENCE ANALYSIS (CCA)
CCA ordination diagram of pond 1 and pond 2 depict the relationship between aquatic insect community and environment variables (Figures 3 and 4) . In pond 1, the eigen values were 0.780 and 0.658 of axis 1 and 2, respectively. Similarly, for pond 2 the eigen values were 0.825 and 0.740 for axis 1 and 2, respectively. Taxonenvironment correlation of the two axes were 0.956 and 0.947 for pond 1, and 0.958 and 0.935 for pond 2 which showed strong relationship of the aquatic insect community with the environment variables. Cumulative percent variance of taxa data for axis 1 and 2 were 18.4 and 33.9 respectively in pond 1 while in pond 2 it was 12 for axis 1 and 22.8 for axis 2. Cumulative percent variance of taxa-environment relation for axis 1 and 2 were 25.4 and 46.7, respectively in pond 1 whereas 25.3 and 48 in axis 1 and 2, respectively in pond 2. Monte Carlo test was performed with 499 unrestricted permutations and were found significant in both the ponds (P < 0.002: Tables VII and VIII) . The CCA ordination diagram (Figure 3 ) in pond 1 showed that both the environmental variables and the macro-invertebrate assemblages were homogeneously scattered. Rhagovelia sp. was found positively correlated with nitrate. Gerris sp. was found positively correlated with TR. Mesovelia vittigera was positively correlated with EC while Microvelia diluta, Microvelia sp.1, sp.2 and Laccobius sp. were associated with the increased AT and WT. In pond 2, the CCA ordination diagram (Figure 4) revealed maximum macro-invertebrates assemblages with low FCO 2 and increased DO. Ranatra varipes was found positively correlated with the increased DO while Donacia sp., Limnogonus nitidus, and Microvelia sp.1 were more associated with increased EC and AT. FCO 2 was negatively correlated with DO and nitrate. CCA biplot revealed that most of the variables of water except FCO 2 and DO were strongly positively correlated with each other and were grouped together in the positive side of both axis 1 and 2. This was also proved in the correlation matrix. Subsequently it was recorded that a large number of insect taxa were clubbed together in the negative side of axis 1 and 2 which confirmed that they were independent of all the variables of water (Table IX) .
CONCLUSIONS
This study revealed that besides providing several ecosystem services these ponds with several microhabitats can serve as very good repositories of urban aquatic fauna. The governing 09p10 
